Abstract
INTRODUCTION
Autoimmune thyroid diseases (ATDs) are represented, essentially, by Hashimoto's thyroiditis (HT) and its variants (postpartum and sporadic thyroiditis), Graves' disease (GD) and atrophic thyroiditis [1] . A typical marker of HT and GD is the presence of autoantibodies against thyroglobulin (TgAbs), thyroperoxidase (TPOAbs) and thyrotropin receptor (TRAbs) [2] . Both genetic and environmental factors are involved in the pathogenesis of ATDs. Some bacteria and viruses are suspected of being able to mimic the antigenic profile on the thyroid
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Online Submissions: http://www.wjgnet.com/1007-9327office wjg@wjgnet.com doi:10.3748/wjg.v18.i10.1093 cell membrane, and play an important role in the onset of autoimmune diseases [3] [4] [5] [6] . Helicobacter pylori (H. pylori) infection is found worldwide and has an incidence of up to 50% in the population of developed countries [7] . A cohort effect has been demonstrated for such infection, and a higher prevalence rate is found in the elderly and in males [8] . H. pylori is a gram-negative, motile bacterium, which typically colonizes and infects the gastric mucosa; the most virulent strains can usually be identified by the presence of the cytotoxin-associated gene A (Cag-A) antigen [9] . Therefore, the microorganism is responsible for gastric diseases such as gastritis, gastric/duodenal ulcers and carcinomas.
Several studies have shown a positive correlation between the presence of H. pylori and HT [10] [11] [12] , although others did not find such an association [13, 14] . Moreover, we recently demonstrated a noteworthy correlation between H. pylori infection and GD, independent of hormonal status [15] . The aim of this study was to investigate the prevalence of H. pylori in ATDs and, in particular, HT, to help clarify the controversial results observed in previous studies. We detected the presence of H. pylori in fresh stool samples from our patients using an enzyme immunoassay method, and Cag-A positivity using a serological test.
MATERIALS AND METHODS

ATDs patients
We studied 112 consecutive Caucasian patients (48 females and 4 males with GD and 54 females and 6 males with HT), at their first diagnosis of ATDs, enrolled over a period of 18 months (from October 2008 to March 2010). The mean age (± SD) of the ATDs patients was 49.7 ± 6.6 years (48.8 ± 3.9 years for GD patients and 50.2 ± 9.7 years for HT patients). The study inclusion criteria were previously reported [15] . Briefly, these criteria included the absence of other diseases, a negative anamnesis for antimicrobial drugs use for at least three months and the absence of dyspeptic symptoms (epigastric pain, nausea, heartburn) or gastric diseases. The study was approved by the ethical committee of our institution and informed consent was obtained from each patient.
GD diagnosis was defined by hormonal hyperthyroidism (suppressed TSH, elevated FT3 and FT4), diffuse and high iodine capture on thyroid scintigraphy, and positive titers of TPOAbs, TgAbs and TRAbs. To eliminate possible bias between subclinical and frank primary hypothyroidism, HT diagnosis was defined by a cut-off value higher than 35 mU/mL TSH, low FT3 and FT4 values, positive titers of TPOAbs and TgAbs and hypoechogenicity pattern on echography (Table 1) .
Controls
The control population was composed of 100 body mass index-, socio-economic-and inclusion criteria classmatched individuals (90 females and 10 males, mean age 49.0 ± 4.5 years, Table 1 ). All of these subjects showed normal TSH, FT3 and FT4 values with absent titers of TPOAbs, TgAbs and TRAbs.
Study of the presence of H. pylori in stool samples
The tests were performed by laboratory technicians blinded to the subject's diagnosis. Fresh stool samples were obtained and tested using an amplified enzyme immunoassay for the detection of H. pylori antigens (Amplified IDEIA H. pylori StAR, Oxoid, United Kingdom). This test is highly specific for H. pylori antigens (sensitivity 95%, specificity 95%), with no cross-reactivity with other microorganisms. An absorbance value > 0.150 using a dual wavelength (450/620 to 650 nanometers) was considered positive for the presence of H. pylori.
Detection of Cag-A antibodies
Fresh serum samples were tested with the enzymelinked immunoassay method (ELISA, Radim, Pomezia, Italy, sensitivity 93.7%, specificity 100%). Anti-Cag-A immunoglobulin-G values greater than 15 units/mL were regarded as Cag-A positive.
Statistical analysis
The relationship between the different studied groups, in terms of H. pylori and Cag-A positivity, was investigated with the two-sided Fisher's exact test and calculation of the respective odds ratio (OR, with 95% confidence interval, using the approximation of Woolf, Instat 3.06, Graphstat Software Inc., San Diego, CA, United States). P ≤ 0.05 was considered significant.
RESULTS
Detection of H. pylori in fresh stool samples
Of 112 ATDs patients, 43/52 (82%) in the GD group and 28/60 (46%) in the HT group were positive for H. pylori infection, vs 43 [43.0%, P ≤ 0.0001, OR 6.3 (2.7-14.3) vs the GD group, not significant vs the HT group] of 100 controls (Table 2) .
Immunoassay testing on the stool samples confirmed that the observed H. pylori positivity was dependent on ongoing H. pylori presence in the gastric mucosa and not on past infection. Furthermore, no correlation was foundbetween the presence of H. pylori and smoking habit in the two groups of ATDs patients (data not shown). Table 2 ]. Cag-A antibody levels, expressed in mU/mL [control 56 ± 24.3 (mean ± SD), GD 50.3 ± 28.6, HT 54.1 ± 22.6], were similar among the three groups of investigated subjects (Figure 1 ) and did not correlate with the respective titers of TgAbs, TPOAbs or TRAbs (data not shown).
DISCUSSION
H. pylori infection is found worldwide and affects up to 50% of the population of developed countries, such as Italy, and the most virulent strains are identified by the presence of Cag-A antigens [9] .Recently, a significant correlation was shown between the Cag-A carrier H. pylori strains and GD, independent of the hormonal status of the investigated patients [15] . Moreover, other studies have investigated the association between such microorganisms and HT, however, the results are controversial. Some investigations point to a noteworthy correlation [10, 11, 12] , others do not [13, 14] . The use of different techniques to assess H. pylori infection could explain these conflicting conclusions. For instance, serological detection of H. pylori antibodies can not discriminate between past and ongoing infection. Conversely, the 13 C-urea breath test and immunoassay test on fresh stool samples can only detect ongoing H. pylori infection, therefore these tests are currently considered the preferred not-invasive methods of investigation [7] . Moreover, the presence of similar antigenic sites for Cag-A and TPO could cause false positive results in the Abs titers against H. pylori, leading to a bias in group selection of the enrolled patients [16] . In addition, the different grade of thyroid function in HT patients, such as subclinical or frank hypothyroidism, could be a misleading factor.
Our results, using a stool antigen test, confirmed that a correlation was present between H. pylori and hyperthyroid GD patients, but this correlation was not seen in hypothyroid HT patients.
In accordance with the guidelines [7] , we did not perform further invasive exams, such as gastroscopy, in consideration of the age (usually under 45 years old in the investigated patients) and the absence of digestive symptoms in H. pylori-positive patients.
Several factors could be considered to explain the different results regarding H. pylori prevalence in GD and HT. Usually, the onset and/or progression of ATDs are dependent on different autoimmune mechanisms. Cellular autoimmunity with the TH1 profile of CD4 + T helper precursor cells is predominant in HT, whereas humoral autoimmunity (production of TRAbs or TSH-receptor blocking antibodies) with the TH2 profile is prevalent in GD and atrophic thyroiditis [17] . These different activated profiles in ATDs induce the expression of different panels of cytokines, such as interleukin (IL)-4, IL-5, IL-6 and IL-10 in GD and IL-2, interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) in HT [17] . Also, the opposite thyroid function, i.e., hyperthyroidism in GD versus hypothyroidism in HT, could be another factor leading to the controversial results on H. pylori prevalence in GD and HT patients.
In our study, both GD and HT show a comparable elevated prevalence of Cag-A positive strains in H. pyloripositive patients, in agreement with previous observations in TH patients [11] . The involved factors could operate through a common pathway, such as the glycoconjugates-mediated adhesion of H. pylori to the gastric mucosa, which represents a crucial step in the establishment of successful infection. H. pylori glycan receptors include fucosylated ABO blood group antigens [18, 19] and glycans with charged groups, such as sialic acid [20] or sulfate [21] , and neolacto core chains [22] Two different H. pylori adhesins have been characterized on the basis of their interactions with the receptors: the blood group antigen-binding adhesin (BabA) is specific 
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for H type-1 and Lewis b antigens, admitting terminal blood groups A and B glycan determinants, whereas the Sialic Acid Binding Adhesin (SabA) recognizes the SialylLewis a and Sialyl-Lewis x antigens [20, 23] . In particular, the potential effect of the suggested factors, such as hyperthyroidism or the production of cytokines induced by humoral immunity, could modify the profile of the adhesion molecules expressed on the gastric mucosa, increasing H. pylori binding in GD and selecting the Cag-A positive strains in ATDs.
Regarding the pathogenetic role of HP in the onset of ATDs, it has been postulated that viral and bacterial infections could play a noteworthy role. Usually, elevated levels of antibodies against some bacteria have been found in GD patients [4] [5] [6] and, conversely, an antigen structure, such as TSH-binding protein, is described in many gram-positive and gram-negative bacteria [24] . Moreover, Cag-A positive H. pylori strains show some nucleotide sequence similarity to thyroid peroxidase (TPO) sequence [25] . A positive linear regression between H. pylori-Abs titers and microsomal autoantibodies [9] and a significant reduction in these antibodies after H. pylori eradication have been demonstrated [26] . Therefore, crossreactivity of the antibodies produced against thyroid antigen structures during H. pylori infections could potentially induce a biological effect [27] , in a similar way to that of H. pylori which triggers the onset of autoantibodies against the H+K+-ATPase in the gastric autoimmunity [28] [29] . Moreover, the increased prevalence of H. pylori in GD, on first diagnosis, and the observation that, usually, H. pylori infection starts during childhood [30] , suggest that the bacterium could be present before the onset of the autoimmune disease. Larizza et al [31] proposed that H. pylori infection can induce and/or worsen the course of GD in susceptible young patients, carrying the human leukocyte DRB1*0301 antigen. The authors also suggested that H. pylori eradication could prevent GD in these "at high risk" children.
Conversely, hyperthyroid GD patients could just be more susceptible to H. pylori infection, and the presence of the microorganism could represent an epiphenomenon, not involved in the onset of the autoimmune disease.
In conclusion, we report an increased H. pylori prevalence only in hyperthyroid GD patients, but not in hypothyroid HT patients, although the strains involved in both GD and HT are, prevalently, carriers of Cag-A antigens. These results suggest the execution of screening for H. pylori in ATDs patients, taking into account either the presence of virulent strains in autoimmune diseases and the increased H. pylori prevalence in GD.Therefore, a possible role of H. pylori infection might be postulated for GD, but further studies are needed to confirm such a hypothesis.
